Abstract: 3,4-Ethylenedioxythiophene derivatives with aromatic, in most cases mesogenic, side groups were synthesized and their liquid crystal behaviour was characterized. These monomers were polymerized oxidatively to charged, electrically conductive polythiophenes. X-ray and atomic force microscopy studies were performed. Films of theses polythiophenes achieved via in situ polymerization were prone to a significant increase of the conductivity by annealing.
Introduction
Since the discovery by Shirakawa, MacDiarmid, and Heeger in 1977 that π-conjugated polymers become electrically conductive upon doping [1] , conductive polymers have been studied extensively in order to improve their conductivity. Mesogenic side groups are considered to be one option to increase the conductivity. The interest in the area of π-conjugated polymers and their monomers containing mesogenic groups goes back to the studies of Hideki Shirakawa et al. Their main interest was focused on the synthesis of (liquid crystalline) acetylene derivatives and their polymerization [2] . However, they also studied other π-conjugated polymers with mesogenic side groups such as substituted polypyrrole [3] , poly(p-phenylene) [4] , poly(arylenevinylene) [5] , polyaniline [6] , and polythiophene [3] .
This publication deals with the synthesis of liquid crystalline (LC) thiophene derivatives, their polymerization, as well as the study of these monomers and respective polymers. Other groups have also performed research in this area, e.g., Shirakawa et al. who achieved orientation of a LC polythiophene through a rubbing treatment at LC temperature. Thus they obtained macroscopically aligned films [7] . The synthesis of 4-cyano-4'-[8-(3-thienyl) octyloxy]biphenyl, its LC behaviour, and the electrochemical polymerization to the respective polythiophene derivative was reported by Roncali et al. The conductivity was stated to be between 0.01 and 0.1 S/cm [8] . Koide et al. observed that annealing a LC polythiophene derivative resulted in a slightly increased electric conductivity [9] . Brown et al. synthesized various conductive polymers (based on pyrrole, thiophene, and aniline monomers) with mesogenic side groups. These polymers show increased conductivity when laser-aligned [10] .
We have based our studies on 3,4-ethylenedioxythiophene. The previously stated results deal with thiophene derivatives where the mesogenic unit is attached (via a spacer) directly at the 3-position of the thiophene ring. Only Kumar et al. describe the synthesis of a 3,4-ethylenedioxythiophene derivative with a bulky substituent and its electrochemical polymerization. They analyzed the improved transparency of the polymer obtained. Even though the bulky substituent was a mesogenic group they did not study the LC behaviour of the monomer or the polymer [11] . Thus you could say that up to now, LC derivatives of 3,4-ethylenedioxythiophene (EDT) have not been studied with respect to the electric conductivity. This is the main object of the present work.
Results and discussion
We based our synthesis plan on 3,4-[(hydroxymethyl)ethylene]dioxythiophene (EDTMeOH). The EDT-MeOH used was present in a mixture with 20% 3,4-[(2-hydroxy)-propylene]dioxythiophene (PDT-OH: 7-ring isomer), due to the way the starting material was produced. Unfortunately, the mixture cannot be separated, e.g., using liquid chromatography. Therefore, all products contained the respective PDT-OH derivative in different proportions below 20%. The accumulation of the EDT derivatives could be achieved through various cleaning processes during the syntheses and most importantly because EDT-MeOH is more reactive thus favouring the respective EDT derivatives. For the structural formulas displayed in this article, the PDT-OH derivatives were omitted for ease of presentation.
The advantage of ethylenedioxythiophene derivatives is that unlike thiophene itself, the positions 3 and 4 cannot participate in the polymerization process (the same is also true for PDT). By substituting both positions, there is no longer a reactive proton present; the polymerization can only take place in the desired positions 2 and 5. Therefore, there are no structural defects in the polymer. A polymerization at positions 3 and 4 disrupts the conjugation in the polymer backbone and thus leads to shorter conjugation lengths, reducing the electric conductivity of the material. Due to the stabilization of the charged, conductive state by the inductive, mesomeric, and steric effects of the dioxane ring, poly(3,4-ethylenedioxythiophene) has outstanding properties as a conductive polymer and so, besides successful commercialization, attracted many scientists to investigate its chemical and physical behaviour [12] .
To introduce the mesogenic group to the monomer, EDT-MeOH (mixed with PDT-OH) was first coupled to a spacer of different length via etherification. In a second step after purification, the mesogenic group was linked to the molecule by etherification or esterification via nucleophilic substitution. Fig. 2 shows an example of the liquid crystalline phase of a mesogenic monomer (12b) and the transition from the liquid crystalline to the crystalline state. All monomers were analyzed using a polarizing microscope and differential scanning calorimetry (DSC). The data collected from both methods correspond well. In an alternative reaction route we did not use an etherification as shown in the reaction scheme in Fig. 1 (this reaction scheme is versatile in that many different mesogenic groups may be introduced to the molecule in a simple one-step reaction). Fig. 3 depicts an example for this alternative route to LC EDT derivatives where the mesogen is introduced by esterification. However, this route is more complex and more time-consuming. Similar products with other side groups than Br or with a different spacer length may be synthesized [13] . However, the acid comparable to 23 is often insoluble.
3 Fig. 2 . Polarizing microscopy pictures of monomer 12b during 2 nd cooling (44°C) (includes 5% of the PDT derivative, not depicted in the structural formula): (a) 5°C/min, formation of a LC phase; (b) 5 min annealing at 44°C, LC phase, start of spherulite formation; (c) completely crystalline after more than 1 h annealing at 44°C Fig. 3 . Alternative reaction scheme for the synthesis of LC derivatives of EDT-MeOH (24 contains 5% of the respective PDT derivative)
The polymers of the above mentioned monomers (synthesized using either the reaction scheme shown in Fig. 1 or the alternative reaction scheme of Fig. 3 ) are prepared by oxidative coupling. The polymerization and the doping process are performed in one step using iron-III tosylate (Baytron ® C-B) as the oxidizing agent yielding the polymers as an infusible film. In figures, tables, and text they are denoted with a P preceding the number of the respective thiophene derivatives. Since we were working with mixtures of the respective EDT and PDT mesogenic monomers, we obtained copolymers. However, in most cases the PDT derivative was only present as a c. 5% contamination of the EDT derivative. Again, we are simplifying the representation of the polymer by only showing the EDT derivative. To remove small amounts of residual iron-III tosylate and the iron-II tosylate formed, the films were washed with water. The electrical characteristics of the polymers were studied by measuring the electrical surface resistivity by a two-point method. Layer thickness was not measured, but adjusted by the solid content in the recipe monomer/solvent (butanol)/Baytron ® C-B in such a manner that constant molar amounts of polythiophene moieties per layer resulted. So all resistivities can be taken as relative, but consistent values. To investigate the effect of the mesogenic side chains, the polymer films were subjected to heat treatment (30 min annealing at 150°C) and afterwards the electric surface resistivity was measured again.
In all cases, the surface resistivity decreased significantly. This raise in conductivity cannot be attributed to additional doping of the polymer film, since the oxidizing agent was removed to the greatest possible extent by washing.
The improved conductivity can be explained by a rearrangement of the mesogenic side chains during annealing. This may influence the polymer backbone so that it is more planar than before. A higher planarity of the polythiophene chain leads to a bigger effective conjugation length along the polymer backbone, which causes improved mesomeric charge stabilization. Also, the individual chains can arrange more closely together, which facilitates charge transport, thus reducing the surface resistivity. Tab. 1 shows the influence of the spacer length on electrical surface resistivity. One can identify the trend that surface resistivity rises with increasing spacer length. This trend can be explained by taking two inverse effects into account: The electrical surface resistivity is inversely proportional to the thickness of the polymer film, which should result in an improved (lower) resistivity with increasing spacer length because the film thickness increases with larger molecules. However, with increasing spacer length the proportion of the thiophene chains in the polymer film decreases. The longer spacers act as internal organic filler, which explains the overall higher surface resistivity.
When looking at the ratio of resistivity before to after annealing, it can be observed that this ratio decreases for longer spacer lengths (not all results shown here). The mesogenic side groups may still realign during annealing, however this reorientation does not have such a great effect on the polymer backbone due to the increased spacer length.
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Tab. 2 exemplifies the effect of different mesogenic units on the electrical surface resistivity for a given spacer length of n = 5 (please refer to Fig. 1 to identify the mesogenic units). It can be noted that the mesogenic unit in compound P14b (biphenyl-4'-methoxycarbonyl) does not exhibit such a positive effect on conductivity. The factor by which the surface resistivity decreases may be relatively high, but the initial surface resistivity of this polymer film before annealing is significantly higher than for the other mesogenic units. This can also be observed for the other spacer lengths of P14 (not shown here). It is interesting to note that the polymer film P19b as well as the respective other spacer lengths of P19 also exhibit an annealing effect. The electric surface resistivity decreases upon annealing even though the phenyl-4-carboxymethyl substituent is not a mesogen. The initial surface resistivity is even lower than for the other comparable polymer films, which can be explained by the smaller substituent: the polymer chains can pack more closely than those with the biphenyl substituents and thus the conductivity is increased.
To study this phenomenon more closely, other derivatives of poly(EDT-MeOH-co-PDT-OH) were analyzed. We found that the annealing effect can always be observed for derivatives with aromatic side chains. Aliphatic derivatives of poly(EDT-MeOH-co-PDT-OH), as well as of poly (3,4-ethylenedioxythiophene) , and also poly(3,4-ethylenedioxythiophene) itself do not exhibit an increasing conductivity upon annealing. This can be shown impressively by comparing the polymer of the benzyloxymethyl-EDT P25 (450 Ω/square before annealing, 180 Ω/ square after annealing) and the polymer of the cyclohexylmethoxymethyl-EDT P26 (1100 Ω/square before annealing, 970 Ω/square after annealing). Both polymers P25 and P26 were in fact copolymers of the respective PDT derivatives (not shown in Fig. 4 ). Even though these two products are very similar and vary only in the phenyl or hydrogenated phenyl substituent, their electrical surface resistivity behaviour differs significantly. It was postulated that the increase in conductivity results from a greater order of the polymer chains, induced by π-stacking.
The doped polymer film P24 has a surface resistivity of 840 Ω/square before annealing and 230 Ω/square after annealing. It was further analyzed using X-ray diffractometry measurements. This method was used to study the order in the polymer film before and after the annealing step. The polymer film still contains traces of iron-II tosylate even though it was washed prior to analysis. In order to determine the X-ray reflections of this salt, it was analyzed separately. The reflections in the order of up to 8° are well defined. This section of the diagram is shown in Fig. 5 . When comparing the salt with the polymer film it is obvious that the reflection at 7.1° (12.4 Å) does not belong to the polymer itself but to the remaining salt in the film. The reflections at 2.3° (38.7 Å), 2.8° (31.9 Å), 4.5° (19.6 Å), and 5.5° (16.1 Å) can be attributed to the ordered state of the polymer film. Out of these four reflections the intensities of the ones at 2.8° (31.9 Å) and 5.5° (16.1 Å) are enhanced upon annealing. Therefore, one can conclude that the polymer film experiences a partial improvement of its order, which is in accordance with the observation that the surface resistivity of the films decreases significantly after annealing.
The inset in Fig. 5 shows the optimized molecular structure of two adjacent monomer molecules (only EDT derivatives are shown for ease of presentation). The structure was calculated based on a force field. Beneath the structure the dimensions are displayed in Å. The two monomers represent the alignment of the monomer units in a polymer chain. The thiophene rings are always rotated 180° to each other so that the mesogenic substituents of two neighbouring monomer units point to opposite directions. Fig. 5 shows two reflections corresponding to the distances of 16.1 and 19.6 Å, which lie in the order of the length of one monomer unit measured from the thiophene ring to the end of its mesogen. The other two distances (31.2 and 38.7 Å) are about double the length of the smaller distances. Thus they correspond to the distance between one end of a monomer unit (-Br) to the end of the neighbouring monomer unit.
When discussing the results of the X-ray diffractometric measurements one should keep in mind that this is not an X-ray structural analysis. The polymer is not crystalline enough to perform a structural analysis on it. The discussion is only meant as a plausible explanation on how the reflections may have originated using a comparison to the geometric dimensions of the thiophene derivative.
The doped polymer film P24 was also analyzed using atomic force microscopy (AFM). However, in contrast to the afore mentioned X-ray measurements, which were performed at spots of highest crystallinity in the polymer film, the AFM measurements observed the amorphous part of the polymer film. These two areas of the polymer film may be seen in the polarizing microscope picture (Fig. 6 , upper left hand corner: crystalline, lower right hand corner: amorphous). Fig. 6 . Polarizing microscopy picture of the doped polymer film P24 after annealing Fig. 7 shows the AFM pictures of the doped polymer film P24 before (a+b) and after (c+d) annealing. The pictures were taken on two different films, i.e., they do not represent the same spot before and after annealing.
Pictures a and c display the topography of the film, whereas pictures b and d display the phase contrast. The phase contrast is influenced by the topography, the adhesive properties, and the rigidity of the sample (mechanical properties). The Z range for the topography is the coordinate for height. When imagining the polymer surface as a mountainous area, the tips of the mountains are displayed in light colours and the valleys are dark. The highest mountain in the observed area of the sample has the height, which is given by the Z range. The samples were observed using the tapping mode. For the phase contrast pictures, the Z range is equivalent to the phase shift in the damped vibration, which is induced by interaction of the cantilever tip with the surface of the sample. The dark areas in the phase contrast pictures are relatively soft and display high adhesion (between tip and surface). The light areas correspond to a hard surface of the sample with low adhesion. Fig. 7 shows clearly that the surface of the polymer film has changed due to the annealing step. Before annealing, the surface is rough but homogeneous. After annealing, islands have formed where the surface is smoother than before. This can be observed especially well in the phase contrast picture d, but it can also be discerned in the topographic picture c, which appears more blurred than picture a. The mountains and valleys on the surface are no longer as pronounced as they were before annealing, the surface structure is not as grainy and the transition between valleys and mountains is smoother. One should also note that the Z range in pictures a and c is slightly different; in picture c the Z range is smaller, the topography therefore is flatter.
For future measurements it would be interesting to examine whether it is possible to achieve that the islands in picture d flow completely together. This could either be done by annealing the sample at higher temperatures or prolonging the annealing time. Doing this, one could possibly obtain a smooth homogenous surface. For the electric surface resistivity it was determined that 30 min annealing at 150°C is ideal. Longer annealing times or annealing at higher temperatures did not improve (i.e., lower) the electrical surface resistivity any further. 
Conclusions
We have synthesized ethylenedioxythiophene derivatives with mesogenic groups (mixed with small amounts of the respective propylenedioxythiophene derivatives). It can be concluded from the above-described experiments that the EDT/PDT derivatives with mesogenic side groups show liquid crystalline behaviour. The monomers can be readily polymerized by oxidative coupling. Doping leads to electrically conductive materials. It was postulated that the polymers could perform self-organization during annealing due to the mesogenic side groups and/or the aromatic side groups (π-stacking). Our experimental results, using electric surface resistivity measurements, X-ray, and AFM studies correspond well with the model described above. Annealing allowed the aromatic (mesogenic) side chains to realign, thus improving the conductivity of the polymer films.
Experimental part

Measurements
The structure of monomers and polymers was proven by 1 H and 13 C NMR spectroscopy, using a Bruker Avance DRX 500 spectrometer operating at 500.13 MHz for proton and 125.77 MHz for carbon NMR spectroscopy, using (CD 3 ) 2 SO and CDCl 3 as solvents. Infrared (IR) spectra were recorded on a Nicolet 5 SXB FT-IR spectrometer. Differential scanning calorimetry was carried out with a Perkin-Elmer DSC 30 with TC15 controller and STAR-Software (Version 6.10). Mass spectra were recorded on a Varian MAT 311A instrument. For elemental analysis a Perkin Elmer Series II CHNAnalyzer 2400 was used. Polarizing microscopy was performed using an Olympus BH-2 equipped with an Olympus DP 12 digital camera connected directly to a computer (software: Olympus DP-Soft version 3.1).
For detailed data on the analysis of the monomers and polymers please refer also to ref. [14] . All yields, 1 H NMR, 13 C NMR, IR, mass spectroscopy, elemental analysis, polarizing microscope, and DSC measurements are listed for each individual monomer. There is also more detailed data on the electric surface resistivity of additional polymers not mentioned in this paper. We had selected one spacer length to show the effect of the mesogenic unit as well as one mesogenic unit to show the effect of spacer length. In the PhD thesis, the whole matrix of spacer length vs. mesogenic unit can be observed. Even though the thesis is written in German the analytical data should be readily understandable. For the experimental procedures we have included all necessary information in this publication. Also, we have given one representative example of each of the analytics performed for the different substances.
The electrical surface resistivity of the polymers was measured by two-point method using two 1.5 mm wide silver contacts of 2 cm length at a distance of 2 cm to each other on the polymer film. The silver contacts were applied utilizing conductive silver paste 200 (Demetron GmbH, Germany). Measurements were performed with the ohmmeter Metra-Hit 12 S from Gossen-Metrawatt GmbH (Germany).
The AFM measurements were performed with the aid of a commercial scanning force microscope (Digital Instruments D3000). The measurements were made in tapping mode with Si-tips (coated with a water absorption film) attached on 225 µm cantilevers, at resonance frequencies of about 60 kHz (Figs. 7 and 8 ).
The X-ray diffraction measurements were performed on a commercial system (Bruker GADDS: General Area Detector Diffraction System). The polymer sample was measured as a film on a Kapton ® film. Reflection mode with Cu-K α radiation (λ = 1.54 Å) was used (Fig. 5) .
The polarizing microscopy pictures were taken on a Zeiss Axioplan microscope (Fig. 6) and on an Olympus BH-2 microscope, connected to an Olympus DP12 digital camera, equipped with a Linkam THM 600 microscope furnace (Fig. 2) .
Monomer synthesis [14] Reaction route according to Fig. 1: Synthesis of 3a -3d 4 g (0.1 mmol) Sodium hydride (60% in mineral oil) were washed twice with dry toluene and afterwards suspended in 100 mL dry toluene. The synthesis was performed under nitrogen. The suspension was then heated to 80°C and 10 g (58.1 mmol) 1 (3,4-[(hydroxymethyl) ethylene]dioxythiophene = EDT-MeOH in a mixture with c. 20% 3,4-[(2-hydroxy)propylene]dioxythiophene = PDT-OH) dissolved in 80 mL of dry toluene were added dropwise during 45 min. After 1 h the respective α,ω-dibromoalkane (2a -2d) was added in fivefold excess. The solution was stirred for 5 h at 80°C, then heating was turned off and the solution was stirred for another 12 -20 h at room temperature. In the end, c. 8 mL of water was carefully added to the solution to end the reaction. The reaction mixture was washed three times with 100 mL 1 M HCl. The HCl layer was extracted three times with 90 mL CHCl 3 and the CHCl 3 was discarded. The HCl layer was then extracted three times with 50 mL toluene. The combined toluene layers were washed three times with 120 mL brine. The organic layer was dried over MgSO 4 , filtered, and the solvent was evaporated. The excess α,ω-dibromoalkane could be removed by distillation at 60°C in high vacuum. The raw product was purified by column chromatography using silica gel as the stationary phase and n-hexane -ethyl acetate 4:1 as the solvent. Fig. 9 . Structure of 3a (includes 12% 7-ring isomer) with labels for NMR analysis 1 H NMR (500 MHz, CDCl 3 ): δ in ppm = 6.47 (s, 12% 2H, A-H); 6.34, 6.33 (t, 2H, 11-H) ; 2.07 -1.64 (2*m, 2 x 2H, 9-H, 10-H). 13 IR (diamond): 2938, 2918, 2868 (aliph. C-H-Val.); additional bands at: 3110, 1482, 1452, 1427, 1374, 1247, 1184, 1123, 1019, 856, 758 
1 eq. Mesogen (either substituted phenol 4 -8 and 10 -11 or substituted biphenylcarboxylic acid 9), 1 eq. of 3a, 3b, 3c, or 3d (around 1 -2 g), and 1 eq. Cs 2 CO 3 were suspended in dimethylformamide (DMF) and stirred at room temperature for 3 -7 days. Approx. 100 mL saturated aqueous NaHCO 3 solution was added to the suspension and the solution was extracted twice with c. 100 mL of CHCl 3 . The combined organic layers were washed again with c. 100 mL saturated aqueous NaHCO 3 solution and then washed twice with c. 100 mL of brine. The organic layer was dried over MgSO 4 , filtered, and the solvent was completely evaporated in vacuum.
The raw product was crystallized from a mixture of methanol and methylene chloride. For this, the raw product was suspended in methanol, and methylene chloride was added until the product was completely dissolved. After that, the solution was kept at room temperature until enough methylene chloride had evaporated for the product to precipitate/crystallize. The precipitate was filtered off, washed with methanol, and dried in vacuum.
If this method was not successful, the raw product could be purified using liquid chromatography. Mixtures of n-hexane and ethyl acetate worked well as the solvent. 1.89 -1.79, 1.74 -1.63 (2*m, 2 x 2H, 9-H, 11-H); 1.62 -1.50 (m, 2H, 10-H) . 13 C NMR (125 Hz, CDCl 3 ): δ in ppm = 160.09 (13-C); 145.65 (17-C); 141.97, 141.93 (3-C, 4-C); 132.97 (19-C); 131.74 (16-C); 128.74, 127.48 (15-C, 18-C); 119.52 (21-C); 115.46 (14-C); 110.44 (20-C); 100.10, 99.99 (1-C, 2-C); 73.04, 72.17 (7-C, 8-C); 69.59, 68.30, 66.60 (5-C, 6-C, 12-C); 29.67, 29.38 (9-C, 11-C); 23.07 (10-C) . IR (diamond): 2941 IR (diamond): , 2912 IR (diamond): , 2867 2226 (-C≡N-val.); 1599 , 1580 , 1487 ; 820 (1,4-disubstituted benzene ring); additional bands at: 3122, 3112, 1432, 1398, 1377, 1291, 1254, 1218, 1194, 1186, 1117, 1073, 1049, 1023, 1009, 981, 941, 886, 863, 770, 706 Synthesis of 5-(4'-Bromobiphenyl-4-yloxy)pentanoic acid (23) [13] 10.01 g (40.2 mmol) 4'-Bromobiphenyl-4-ol 20, 7 mL (9.54 g, 48.9 mmol) 5-bromopentanoic acid methyl ester 21, and 15.81 g (48.5 mmol) Cs 2 CO 3 were suspended in 115 mL of DMF; the mixture was stirred at room temperature for 30 h. 950 mL of diethyl ether were added to the suspension and the organic layer was washed twice with 350 mL of pH 7-buffer and twice with 350 mL of brine. 200 mL brine were added to the combined aqueous layers, which were extracted with 300 mL of diethyl ether. The organic layer contained a precipitate; CHCl 3 was added until all precipitate dissolved. The organic layer was dried over MgSO 4 , filtered, and the solvent was evaporated. The colourless crystals 22 were added to 63 mL 2 M NaOH, 90 mL THF p.a., and 55 mL methanol. The suspension was stirred at room temperature for 3 h. Approx. 1.1 L diethyl ether were added and the organic layer was extracted with c. 2 L water. The organic layer was discarded and the aqueous layer was acidified to pH 1 using concentrated hydrochloric acid. A precipitate formed, which was extracted with ethyl acetate (ethyl acetate was added until all precipitate dissolved). The organic layer was dried over MgSO 4 and the solvent was evaporated. The product 23 was dried in vacuum (yield: 11.21 g, 32.1 mmol, 79.9% colourless crystals). IR (diamond): 3032 (arom. C-H-val.); 2954 , 2927 , 2913 , 2872 , 2845 2776 , 2749 , 2717 , 2686 , 2633 , 2539 ; 1693 (sat. C=O); 1606, 1580, 1481 (arom. C=C-val.) ; 807 (1,4-disubstituted benzene ring); additional bands at: 1522, 1469, 1460, 1427, 1414, 1385, 1347, 1306, 1287, 1277, 1247, 1216, 1199, 1178, 1134, 1081, 1067, 1039, 997, 958, 913, 845, 720 IR (diamond): 3110 (arom. C-H-val.); 2957, 2921, 2870 (aliph. C-H-val.); 1738 (sat. C=O-val.); 1605, 1579, 1481 (arom. C=C-val.) ; 815, 805 (1,4-disubstituted benzene ring); additional bands at: 1380, 1285, 1256, 1183, 1166, 1124, 1071, 1048, 1023, 1007, 998, 960, 936, 722 
Polymer synthesis
Synthesis of P12a-d -P19a-d and P24 -P26 0.875 mmol of the EDT-MeOH derivative (12a-d -19a-d or 24 -26) was dissolved in 13.25 g n-butanol (if necessary under heating) and 3.125 g 40% solution of iron-III tosylate in n-butanol (Baytron © C-B 40) were added. After a thorough but fast combination of the mixture (if necessary still hot), it was applied on glass with a doctor blade for 24 µm wet film thickness.
Polymerization and doping were performed at 80°C for 10 min (some compounds required polymerization at 100 or 120°C). After cooling, the film was washed with deionized water to remove the remaining iron-III tosylate and the iron-II tosylate formed during the reaction.
The obtained films are insoluble; hence no analytical data (NMR etc.) can be given here besides the electric surface resistivity measurements listed in Tabs. 1 and 2. Please refer also to Figs. 5 -8 for AFM pictures as well as an X-ray spectrum of the doped polymer P24.
